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In this issue ofCell StemCell and in a recent issue of PNAS, Thier et al. (2012), Han et al. (2012), and Lujan et al.
(2012) report the derivation ofmultipotent neural stem/progenitor cells from culturedmouse fibroblasts using
distinct reprograming approaches.Fibroblasts are morphologically hetero-
geneous mesenchymal cells found abun-
dantly in connective tissues. Fibroblasts
played a star role in the field of reprogram-
ming when, in a remarkable feat of reset-
ting epigenetic memory and remaking
cell fate, these cells were converted to
induced pluripotent stem cells (iPSCs)
(Takahashi and Yamanaka, 2006). Other
studies soon showed that fibroblasts
can be reprogrammed to become blood
cells, cardiomyocytes, and neuronal cells
(Chambers and Studer, 2011; Yang et al.,
2011). With three new reports in the
current issue of Cell Stem Cell (Thier
et al., 2012, Han et al., 2012) and a recent
issue of PNAS (Lujan et al., 2012), the list
of cell types that can be made from fibro-
blasts has now been expanded to include
multipotent neural stem/progenitor cells.
Neural stem cells (NSCs) are self-
renewing, tripotent cells that are capable
of producing the three major cell types
of the central nervous system, i.e., neu-
rons, astrocytes, and oligodendrocytes
(Gage, 2000). Neural stem cells give rise
to unipotent or multipotent neural pro-
genitor cells (NPCs) with limited self-
renewal capacity. NSCs first appear
during embryonic development from the
neural ectoderm. They are highly regional-
ized in vivo with distinct gene expression
signatures, and produce an extraordinary
diversity of regionalized neuronal cell
types along with glias. After completion
of the central nervous system construc-
tion, embryonic NSCs cease to exist.
Some of their descendants, however,
persist into adulthood in special niches
and become adult NSCs of the subven-
tricular zone and the hippocampus (Krieg-
stein and Alvarez-Buylla, 2009). NSCs
can be recognized readily in culture as
they give rise to neurospheres that can
be serially passaged and assayed for
multilineage differentiation.To reprogram fibroblasts to NSCs, two
broad approaches were taken (Figure 1).
Thier et al. applied a strategy similar to
iPSC reprogramming with the same four
factors (Oct4, Sox2, cMyc, and Klf4) but
restricted Oct4 expression to the first
5 days using either protein transduction
or mRNA transfection. This approach
likely created a scenario in which reprog-
ramming intermediates that have begun
to acquire pluripotency are suddenly
thrust under the control of three factors
(Sox2, cMyc, and Klf4). Sox2 is known
to strongly promote neuroectodermal
development and inhibit mesendodermal
development (Thomson et al., 2011),
which conceivably led to the acquisition
of NSC fate by the presumed pluripotent
intermediates. This reprogramming
approach is conceptually similar to that
taken by Kim et al. to produce induced
neural progenitors from fibroblasts (Kim
et al., 2011), although well controlled
Oct4 expression in the new study allowed
generation of tripotent induced neural
stem cells (iNSCs). These iNSCs have
extensive self-renewal capacity in com-
parison to the bipotent cells with limited
passaging ability.
Han et al. andLujan et al. took adifferent
approach to reprogramming fibroblasts.
Each of the two groups started with a list
of 11 candidate factors. Infecting cultured
fibroblasts with the entire pool of factors
resulted in the appearance of induced
neural stem cells (iNSCs) or neural pro-
genitor cells (iNPCs). Systematic elimi-
nation trimmed the list to the minimal
combination of factors required. Han
et al. pinpointed four factors (Sox2,
cMyc, Klf4, and Brn4/Pou3f4), whereas
Lujan et al. arrived at a three-factor
combination (Sox2, FoxG1, and Brn2). It
is notable that the critical pluripotency
factor Oct4 is not used in these two
studies. These reprogramming pro-Cell Stem Cecesses, unaided by Oct4, are unlikely to
involve pluripotent intermediates and
may therefore have proceeded with a
different mechanism. Nevertheless,
lengthy derivation time (2–3 weeks) and
low efficiency (<0.1% in some cases)
was noted with all approaches used to
derive iNSCs and iNPCs. These are on
par with iPSC derivation, suggesting
an equally difficult process of resetting
global epigenetic machineries.
Regardless of what approach has
been taken to reprogram fibroblasts to
iNSCs or iNPCs, Sox2 seems to be
a key ingredient. Lujan et al. were able to
generate iNPCs with FoxG1 and Brn2
only, but this is presumably due to the
activation of Sox1 and Sox3 by these
factors (Lujan et al., 2012). Beyond this
commonality, it is unclear why the other
neural factors are required and how the
different factors cooperate to reprogram
fibroblasts to neural cells. There are tanta-
lizing hints in one study (Lujan et al.) that
FoxG1 is critical to confer NPC pheno-
types onto fibroblasts. Yet FoxG1 is not
part of the reprogramming mix in Han
et al. Clearly, a challenge for the future
is to understand the molecular and epi-
genetic logic that underlies these reprog-
ramming events. With the exception of
iPSCs, mechanistic understandings are
sorely lacking for most of the reprogram-
ming models described to date.
The iNSCs and iNPCs can undergo trili-
neage differentiation (neuron, astrocyte,
and oligodendrocyte) in culture, and
when transplanted, give rise to neuronal
and glial progenies. This is consistent
with their gene expression signatures
that resemble endogenous NPCs. When
carefully examined, however, some of
the fibroblast genes persist in the iNSCs
(as noted in Han et al.); their functional
impact on the induced cells remains
unclear. The iNSCs possess surprisinglyll 10, April 6, 2012 ª2012 Elsevier Inc. 347
Figure 1. Two Broad Strategies Used in the Reprogramming of
Fibroblasts into iNSCs and iNPCs
The study by Thier et al. takes advantage of putative pluripotent intermediates
in the production of induced pluripotent stem cells (iPSCs) by Oct4, Sox2,
cMyc, and Klf4. By restricting Oct4 expression, the pluripotent intermediates
are presumably redirected to generate iNSCs. The approach taken by Han
et al. and Lujan et al. appears to work in a more direct manner and can be
achieved with two different reprogramming cocktails: Sox2, Brn2, and
FoxG1, or Sox2, cMyc, Klf4, and Brn4. The iNSCs and iNPCs are multipotent,
yielding neurons, astrocytes, and oligodendrocytes upon differentiation.
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with up to 130 passages in
culture (Han et al., 2012).
The expandability of iNSCs
provides a strong rationale
for their derivation and differ-
entiation in neural disease
modeling and drug screening.
Neural stem/progenitor cells
can also be obtained with
relative ease by differentiation
of iPSCs, begging the ques-
tion of which approach is
better, iPSCs or iNSCs. The
answer will depend critically
on how well one can derive
functional neurons and oligo-
dendrocytes from these cells.
So far, there are only limited
insights from the iNSCs and
iNPCs. Han et al. reported
that neuronal cells differenti-
ated from iNSCs do not pro-
duce spontaneous synaptic
activity, whereas Lujan et al.
reported successful myelina-
tion by oligodendrocytes
differentiated from iNPCs.Hopefully, more in-depth and compre-
hensive functional studies of iNSCs and
their progenies will address this question.
NSCs exist in vivo in a highly regional-
ized manner and produce region-specific
neuronal types. It appears that iNSCsmay
also possess regional identity. Han et al.
reported strong expression of ventral
hindbrain makers in the iNSCs generated
by Sox2, cMyc, Klf4, and Brn4/Pou3f4.
Although the reason for this hindbrain348 Cell Stem Cell 10, April 6, 2012 ª2012 Elsignature is unclear, one can imagine
that region-specific factors could be pur-
posely added to the reprogramming mix,
directly inducing region-specific iNSCs
that are both expandable and able to
produce defined neuronal subtypes.
Such a scenario could give iNSCs a
potential advantage over iPSCs. Before
we know more about iNSCs, and before
human iNSCs become available, iPSCs
will reign supreme. However, the arrivalsevier Inc.of the iNSC has brought new
tools, new perspectives, and
new challenges to the reprog-
ramming field.REFERENCES
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